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In spite of the massve experimenta work on asbestos toxicity, performed in the past 15 years, the
pathogenic mechanisn/s a& the molecular levd ae dill patidly obscure As recently reported by
Kamp and Wetzmann (1999), who did pioneering experiments on asbestos mechaniams, “...no single
mechanism fully accounts for all the complex biological abnormalities caused by asbestos” This is
even more SO when it comes to the physco-chemicd festure/s which impart the carcinogenic potency
to asbestos Particulate toxicants, i.e toxicant which act as patices and not as a smple molecule
(molecular toxicants), such as asbestos fibres, are complex entities. They act through contact between
their surface and cdls and tissues The surface is usudly different from the bulk, and exhibits reective
stes, whose nature much depends on the higtory of the sample. Therefore we may have particles with
the same nomind compogtion, but with remarkably different dates of the surface, hence toxicity.
Moreover the surface may acquire contaminants from the environment and upteke endogenous
molecules when within living meatter, hence progressvely changing its chemicd nature. Because of
the long biopersstence, severd contacts between fibers and cdls may teke place in different
biologica compartments, not necessarily involving the same surface chemicd functiondities.

On the bass of experimentd finding and epidemiologicd dudies, three main factors gppear to
contribute to ashesios related hedth effects i, the form of the fiber, ii, the mineralogical, chemical
and surface composition, iii, the biopersstence (Fubini and Otero-Aréan, 1999). These features will
be examined separady and andyzed on the bedss of the five mechanisms of fiber carcinogeness
reported by Kane et a. (IARC1996).

Long thin fibers ae more potent than short ones or isometric andogues. Factor accounting for this
ae depogtion, esder trandocaion to the pleura, frustrated phagocytods, inhibition of dearance, and,
in some cases, different surface behavior. Few attempts have been made to investigate which, of the
biochemicd and cdlular responses dicited by adbedtos fibers, depend upon fibrous habit and dze.
Mossman and coworkers have compared fibers with non-fibrous andlogues and Davis and coworkers
short and long fibers from the same batch. Fibres were more effective than non-fibrous materids, in
dl the cases examined, except in NO induction (Quinlan et d., 1998); long fibres were dways more
biologicdly active than short ones. Some chemicd properties, however, were different in short and
long fibers (Donddson & d., 1995, Graham & d., 1999). Surface propeties of the non—fibrous
andogues were not reported in the rdevant papers. More data, from severd wdl characterized
sources of materids, are reguired to discriminaie which biologicd response is rdated to the physcd
or to the chemica nature of the fibers.

The compogtion of the minerd comprises fibrous axd non fibrous minerd contaminants, chemica
composition of the fiber, sate of the surface and surface contamination by exogenous and endogenous
matter. As numerous in vitro and in vivo sudies indicate a prominent role of iron catayzed generation
of ROS (Reactive Oxygen Species) and, more recently, RNS (Reective Nitrogen Species) in the
mechanisms of ashedos toxicty (reviewed by Hady and Aud, 1995, Kamp and Wetzman, 1999),
atention needs to be focussed on the iron ions a the fiber surface. Iron may be conditutive of the
minerd  (crocidolite, amodte, actinolte and  antdfillite), subdtitute for magnesum ions  (chrysotile,
tremolite), or be deposted exogenoudy/endogenoudy. The effects caused by iron do not rae with
the totd iron content (Fubini & d. 1995, Fubini 1996). Iron may be mobilized by chdaors or cdls
(Cheo @ d, 1994; Chao & Aug, 1994) or be deposted (Shen & d., 2000) Only if iron a the surface
is poorly coordinated it may be essly mohbilized by endogenous chelators or act at the surface, as a
persgent center for the catdyss of ROS. Iron cycling a the fiber surface, as wel as a catdytic
mechaniam of ROS generation, provide chemicd sysems whose action may continue as long as the



fiber is present, thus accounting for the long latency of asbestos related hedth effects Two separate
aurface Stes generate the HO® radicd from H,O, or cleave hydrogen-carbon bonds (Fenoglio et d., in
press). Iron ions a the solid surface fix irreversbly NO molecules (Martra et d., 1999), suggesting
posshle interference with INOS activation. All thee effects are modified by thermd or chemicd
modification of the surface (Otero Areéen et d., 2001; Fenoglio et d., in press). Iron depostion to form
asbestos lodies was regarded as defense mechanism towards the fibers. It is a process fiber-sdective,
as it mogly occurs with long amphiboles fibers Whether deposited iron is Hill active is under debete,
as contragting results have been reported (Lund et d., 1994; Ghio et d., 1997). Ferritin, however, was
found to adsorb srongly on crocidolite and amoste, be modified and cause dgnificant damege to
DNA in presence of ascorbic acid (Fubini et d., 1997; Otero Aréan & d., 1999). This reault is in
agreement  with the increesed DNA damege found for amogte-core asbestos bodies, when compared
to the effect produced by the naked fiber (Lund et d., 1994).

Biopersgence, is not merdy linked to solubility in an agueous medium. It depends upon depostion,
dearing efficiency, which is in turn reaed to surface propeties. In vivo extensve reection with
endogenous materids may take place Both glutathion and ascorbic acid (Brown e d., 2000;
Fenoglio & d., 2001), the two mgor antioxidant defenses in the lung lining layer, have been reported
to react with fibers thus depriving the body of the defenses againg the toxic products of the materid
itself.

At the present levd of knowledge any associdion between esch of the mentioned physcd and
chemica characterigics and the single hedth outcomes, lung cancer, mdignant mesothdioma,
fibross and pleurd plague, is obvioudy tentative and speculadive We may note however thet the
empiricd rdationships from epidemiologicd sudies report a lineer corrdaion between cumulative
exposure and lung cancer, with tobacco amoking acting synergisticaly. The dope agppears industry-
gpecific but the type of asbestos does not seem to be corrdated to lung cancer risk (Boffetta et d.,
1998) At the oppodte, mesothdioma induction is described by a modd involving a power function
of time snce firsd exposure and laencies from 20 to 40 years, with a carcinogenic potency on the
pleura specific to both, industry and type of asbestos (Boffetta et d., 1998). The fiber cheracteristics
causng the processes yidding these two diseases not necessarily should thus be the same minerd
fibers (asbestos, erionite, ceramic fibers) are the only known cause of mesothdioma, suggesting
fibrous habit as a perquidte for this type of diseases. The long latency periods indicate a prominent
role of biopersgence while a vast number of experimenta Studies evidence oxidaive damage, see
e g. the devdopment of mesothdioma in p53 deficient mice (Marsdla et d., 1997) as one of te key
event in the devdopment of the disease. As tremalite, erionite and ceramic fibers, which are potent
cacinogens for the pleura, do not virtudly contain any iron, the oxidative damage will be susained by
few iron traces a the fiber surface, acting as catdyds for ROS generaion. Amphiboles, because of
their minerdogicd dructure, ae more potent carcinogens than chrysotile. Conversdy lung  cancer,
which is usudly associated to persdent inflanmation, may be rdaed to the continuos activaion of
mecropheges and PMN by the fiber burden, generating growth factors (fibrogs), inflammeatory
cytokines, and radicds aisng form reections among fiber derived radicd species and cdl derived
ROS and RNS. Beside depostion and frudtrated phagocytoss, any additiond role of the fibrous habit
in lung cancer dill needs to be ducidated. As dl ashestos appear nearly equdly potent, length and
form of the fiber gppear non-influent on the outcome of the disease.
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